Gas gun experiments combined with line-imaging OR VIS velocity interferometric techniques have been used to determine the loading and spall behavior of tantalum at incipient-spall and totally-spalled conditions. An impact velocity of ~ 0.26 km/s is necessary to induce the incipient spall conditions in tantalum, while it appears that at impact velocities of 0.36 km/s, spallation is almost complete. A 2-mm-long OR VIS line segment is used, so that microstructural effects of spallation at a spatial resolution of less than 50 microns could be determined. Results of these experiments demonstrate a unique feature of this novel test methodology at a microstructural level. The line OR VIS images over this 2-mm segment indicate significant differences in particle-velocity variations in the spall pull-back signal. The observed fluctuations in particle velocity measurements reveal the nucleation and growth of voids and defects in real time at a microstructural level.
INTRODUCTION
Dynamically, the interaction of two rarefaction waves can lead to tensile states in the material eventually leading to spallation [1] . Onedimensional uniaxial strain experiments are usually the most convenient way of determining the spall strength of the material. The mechanism for spallation in materials is controlled by the nucleation of defects, the growth, proagation, and eventually the coalescence of these defects to form a rupture surface within the material. Nucleation and growth of defects in materials is a heterogeneous process. This is particularly true if you are approaching incipient spall conditions in the material. Traditionally, the size, the shape and the distribution of the defect structure is inferred by combining metallographical techniques with softrecovery experimental methods to quantify the "frozen" defect distribution in spalled plates [2, 3] . In spallation experiments, a thin impactor is used to impact a thick target. Upon impact, a stress wave will traverse both in the impactor and the target. The rarefaction wave resulting from the reflection of the stress wave at the back free-surface of the impactor will traverse towards the target. It will interact with the rarefaction wave that emanated at the target free-surface. Since the impactor is thin compared to the target dimensions, this interaction will occur in the target sample. If the magnitude of tension generated in the material is substantially lower than the spall strength of the material there will be no spallation and a full release structure will be observed at the free-surface of the target. However, when the material spalls, then the internally generated spall plane, which is now a free-surface, will reflect the incoming release wave as a compressive wave causing a pull back signal. The magnitude of the release at the free-surface prior to the pull-back signal is the estimate of the spall strength in the material. If you generate a smooth spall plane, then the reflected pull back signal will be independent of position. However, at incipient spall, the defect distribution will be sparse and totally heterogeneous. Therefore, the reflected pull-back signal is anticipated to depend on the spatial position, and the spall-signature will be influenced by the local defect structure that is generated as a prelude to the spallation process. At spatial locations where spallation has occurred the release wave structure would reflect a distinct pull-back signal; at locations where there are no defects, there would be a "larger" release signal indicating an absence of a "distinct" spall plane. In Fig. 1 , an example of shocked tantalum that can support full tension versus the material that undergoes spallation at a tension state of 6.3 GPa is shown for comparison. Notice that the signature for a material undergoing full release is considerably different from the one for a material that undergoes spallation. For the tantalum target that undergoes spallation, wave-reverberations are observed in the spalled plate. In this paper, we are demonstraing the use of a line-imaging velocity interferometer to reveal the nucleation and growth of voids/defects in real time at a microstructural level at incipient spall. 
EXPERIMENTAL TECHNIQUE AND RESULTS
Symmetric impact configuration was used in these studies. In these experiments a nominally thin (0.5 mm) tantalum disc impacts a thick (-2.0 mm) target. The experiments were conducted at impact velocities of 0.255 and 0.363 km/s, respectively. A single-stage compressed-gas gun was used to achieve those velocities. Sample diameters (28 mm) were sufficiently large compared to the thickness to maintain uniaxial-strain conditions at the center of the target. These dimensions were chosen to induce a spall plane at about 0.5 mm from the free-surface of the target. The spall signature was measured on the free-surface of the target using a line-imaging OR VIS velocity interferometer. Details of the line OR VIS interferometer and the expeirmental set-up are published elsewhere [4] . A 2-mm-long line segment was used in this study, so that microstructural effects of spallation at a spatial resolution of less than 50 Jim could be determined. This is also comparable to the grain size of the tantalum used in this study, which varies from 36 to 60 jim. These free-surface velocity measurements are shown as spatially-and time-resolved history profiles for the two experiments conducted at impact velocities of 0.363 km/s and 0.255 km/s, respectively, in Figs. 2 and 3. 
DISCUSSION
In this section, results of the experiment at an impact velocity of 0.255 km/s are discussed in detail. As indicated in Fig. 2 , the particle-velocity measurements are different over the spatial dimension of a two millimeter line segment. First, the peak stress in the experiment is approximately 7.5 GPa and is attenuated differently "locally" as indicated by the variation in the peak particle velocity measurments. Also, the pull-back signature is spatially different, and is representative of the material at incipient spall due to a lack of a repetitive/oscillatory signal at all spatial locations (such as that indicated in Fig. 1) . Considering that the nucleation and growth of voids or defects in spalled materials is a statistical and heterogeneous process [2, 3] , it should not be surprising that the measured spall pull-back signature is spatially different. What is measured is the interaction of the reflected release wave with localized defects -and since the defect structure is heterogeneous, the "reflected" pull-back signature should allow a determination of the "local" defect structure.
\ -5JVC70* FIGURE 3. Space-time free surface velocity history of tantalum at an impact velocity of 0.255km/s
The following methodology has been used to infer the defect structure that is locally generated as a result of its nucleation and growth when the material is taken into tension. When defects are generated in a material there is an increase in volume -because the defects inherently represent porosity. Therefore, the volume of a material with defects minus the volume of the material with no defects yield an estimate of the defect volume. Since these are uniaxial-strain experiments, the changes in displacement of the material with and without defects represent an estimate of the porosity. An estimate of the displacement changes at different spatial locations, and at different times will yield the spatial defect structure and its growth with time. Figure 4 is a composite figure of the free-surface displacement history from the experimental measurements and the free-surface displacement of a material that can sustain full tension with no spallation. The latter profile is obtained from one of the line-segments shown in Fig. 3 , where the free-surface velocity profile indicates no spallation, i.e, there is an absence of a pull-back signal. The difference of these two displacement profiles, which yields void growth, is shown in Fig. 5 . At ~ 1.4 jis, there is a distribution of voids ranging from 0 to 10 jim which grows to dimensions of the order of 15 to 80 jim at -2.1 jis. The time and distance axes are inverted to highlight the displacement and growth variations.
These experiments are not only measuring void growth as a function of time, but also the statistical distribution of voids, as indicated in Fig. 6 . The void dimensions are, on average, lower than the grain size of the material, which ranges from 30 |im to 60 |im. The statistical distribution is comparable to the void dimensions. This is also consistent with the observation that the material did not totally spall. Spallation is expected to occur along grain boundaries, which are presumably the nucleation centers for defects; for total delamination the average void dimension is expected to be at least 120 Jim -twice the largest grain size.
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O. O5 constitutive model needed to represent dynamic impact events such as spallation as reported here. Similar analysis for the experiment at 0.363 km/s, indicates that the average void size is -150 |im, while the statistical void distribution is very similar to the one obtained for the experiment conducted at 0.26 km/s. This 0.363 km/s impact experiment generates ~ 11 GPa, substantailly larger than the average 6.3 GPa spall strength indicated for this material. In this case, Fig. 2 indicates there is delamination of the spalled plate; the real-time void microstructure and the distribution observed in this experiment is a feature of the spalled plane. Results of these experiments are in very good agreement with the micrographs obtained for similar spall and recovery experiments conducted at similar stress levels [3] . An example is shown in Fig.7 .
To summarize, the use of a LINE ORVIS interferometer reveals the microstructure induced in tantalum that undergoes spall. This is a powerful technique in that it illustrates (1) the average defect structure, (2) the growth of the defect structures in real-time and also, (3) the statistical distribution of defects. These experiments are expected to stimulate the development of a multi-dimensional 
